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Pattern of progression
from the papillary
dermis, though the
dermis and then to the
superficial muscle and
then in a process that
resembles invasion
penetration and
replacement of the
muscle and skin is not
consistent with a purely
random cell inactivation
that is expected by
classical biology

* There are strain
specific differences in
the expression and
timing of IL-1 alpha
and IL-1B in response
to radiation




Immunohistochemical Staining (ED1) of
Cutaneous Macrophage at 20 Days Post-
Radiation

Celebrex reduces IL-1 and
macrophage chemotaxis to tissue

mRNA
Detected by RNase Protection Assay

Skin Muscle

e 1 2yrs 25yrs _15yr 2yrs 2.5 yrs
"':-c123012301234012301201234

s el W =TGR

Mice followed for 1.5 to 2.5 years after 20 Gy
irradiation had elevation of TGFR1
commensurate with their level of fibrovascular
changes




EXTREMITY FIBROSIS SCORE AT VARIOUS
TIMES FOLLOWING IRRADIATION

C3H/He

C57BL/6

M Score 1-3
M Score 3.5-4.5

Score 5+

Month 2
Month 3

(o]
(=]

C57BL/6[+/+]  TGFRA[+/-]

70

TGF-R1 (ng/ml)
o o 8 8 &8 8 8

T

Month 1 .
Month 2
Month 3

-
(=]
N
w
W

C3H/HeN Balb/C

T C3H/HeN
Balb/C
C57BL/6 TGFb1 +/+
-|— m C57BL/6 TGFb1 +/-

L E

1 month 2 month 4 month 6 month

Mouse Age




Whole Body Irradiation LDsy59 Dose for
Various Mouse Strains

Strain Fibrosis Sensitivity LDs5o/30

C3H/HeN low 74%0.2 Gy
Balb/C intermediate 7.0 £ 0.1 Gy
C57BL/6 high 8.7 £ 0.1 Gy
TGFpA[+/+] high 8.9 0.5 Gy
TGFB1[+/-] low 9.4 0.4 Gy

Altered expression of TGFp1, whether intrinsic or
genetically defined by the knockout model, is predictive
of susceptibility to late fibrovascular effects. Intrinsic
radiation sensitivity as measured by LDsg3 or cell
survival curves was not helpful in distinguishing
differential sensitivity to fibrovascular complications.

Radiation induced early and late skin toxicity in C57 wild type (WT) and
C57-IL-1R1-/- mice
30 Gy single fraction
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Anscher et al: Baseline TGF
predicts for chemotherapy and
radiation induced pneumonitis

Chen et al: Baseline IL-1a and
IL-6 predicts for radiation
induced pneumonitis
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MECHANISMS, PREVENTION, and
MITIGATION of RADIATION
DERMATITIS

* A preventable and reversible component of
cutaneous damage is mediated by a fast acting,
dynamic feedback system controlling inflammation

* The system has many control points that can often
be re-regulated by chemical or genetic normalization

» Many of the critical control factors are known

» Optimal benefit is likely to be achieved when multiple
interventions are combined and sequenced
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Mitigation and Therapy of Radiation
Cutaneous Syndromes

Curcumin

Celebrex
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Global Plan

Inflammatory Cascade and Target for Combined Agent IR Mitigation
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Pentoxifylline

Inhibits cAMP phosphodiesterase and thereby increases cAMP and
ATP in red blood cells.

It also improves flow by inhibiting ICAM expressing and thus reduces
leukocyte adherence to endothelial cells.

It increases prostacyclin production and thus inhibits platelet
aggregation.

Pentoxifylline inhibits IL-13 and PDGF induced fibroblast proliferation in-
vitro.

It reduces TNF expression




Predilection of Acute and Late Toxicity

Patients with late
fibrovascular
complications of
radiation have
greatly elevated
bFGF levels

Pentoxifylline
reduced the bFGF
and reduced
complications.

None of the
toxicity scores
were from CTC,
RTOG or EORTC.

Healing of chronic rectal ulcer years after

prostate radiation




SONEZANHISINOISS

Several Cox-2 inhibitors have been shown to
have benefit for early and sometimes later
radiation reactions

Because of a small risk of increased
thromboembolic events Cox-2 inhibitors are
less widely used

Cox-2 is produced indirectly through cellular
interactions often initiated by IL-1 and MCP-1
with numerous cell types

Effects of Celebrex on
normal SOft tissues in MCP-1 mRHNA After Radiation +

Celebrex

irradiated C57BL/6 mice 7 e

Contral CB¥ Sched 1 CBX Sched 2

SKIN SCORES Early (14 d
(Mean # 1 SE) 60 Gy

Control 3.3%£0.3 3.0£0.3 4.5%0.2
Celebrex t =4h+ 1.4+0.1* 1.8+0.1* 2.3 £0.5%
Celebrex t = 7d+ 2.810.3" 22*0.1% 4204




Effects of Celebrex on soft tissue damage in
three mouse strains

m 60 Gy
B 60 Gy+ Celebrex
8 60 Gy+ FGF2

Skin Scores

C3H/He C57BL/6 DBA2 BALB/c
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50 Gy+Cur 50 Gy+Cur

Table 1 Effects of curcumin on chemokine mRN A expression
in irradiated skin and muscle tissues

RANTES  Eotoxin  MIP-18  MIP-1a MP-2

MCP-1

Skin 50 Gy 19 +11 51 +15 117 + 94 71+£20 505+ 323
50 Gy + cur 50 mg/kg i.p. 8 +6” 28 + 5** 14 +9** 26+ 5™ 40+ 23*
50 Gy + cur 100 ma/kg i.9. 13+ 11 45 + 16 57 +51 47+ 15 288 +203

514 + 272
124+ 101
348+ 159

Musde 50 Gy 212+ 89 59+ 21 24+ 12 45+ 16 27+ 17
50 Gy + cur 50 mg/kg i.p. 54 + 57 41+ 11 13+ 5 34 + 8" 15+ 8*
50 Gy + cur 100 mg/kg i.g. 105+ 26** 55+ 15 17+ 4* 46+13 19 +1

185+ 125
64 + 28**
78 + 32**

*:p<0.05, **: p<0.01, compared with 50Gy radiation. Mean+SD.
Mice in 50 Gy group represent the combination of I.g and I.p. vehicle controls
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FUTURE PLANS

» Pentoxifylline: This agent is available off patent and will not be needed
urgently after an event. It is therefore not needed for the stockpile.
Physicians can and do already offer it with success. We need only
better understand it to make it of public health value.

 Celebrex: This agent is available and was most effective when given
for several weeks around the time of the exposure. Clinical trials in
cancer patients are being proposed at RTOG, SWOG, and CURED to
determine utility and schedule in humans. At best studies will open in
about 2 years.

» Curcumin: CCOP studies are being held up for need of an IND at the
FDA for the past 2 years. The plan is to use it in breast cancer patients.

* EsA: The phase | STTR is complete. The agent has been licensed.
The Phase Il STTR will be submitted later this week.




